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英文缩写 英文全名 中文名称 
HMW tc-uPA high molecular weight two chain urokinase 
type plasminogen activator 
高分子量双链尿激酶 
LMW tc-uPA low molecular weight two chain urokinase 
type plasminogen activator 
低分子量双链尿激酶 
uPAR urokinase type plasminogen activator 
receptor 
尿激酶受体 
tc-uPA two chain urokinase type plasminogen 
activator 
双链尿激酶 
sc-uPA single chain urokinase type plasminogen 
activator 
单链尿激酶 
tPA tissue plasminogen activator 组织型纤溶酶原激活剂 
uPA urokinase type plasminogen activator 尿激酶 
PEG polyethylene glycol 聚乙二醇 
HPLC high performance liquid chromatography 高效液相 
EPR enhanced permeability and retention 高通透性和滞留效应 
SDS sodium dodecyl sulfate  十二烷基硫酸钠 
CD circular dichroism 圆二色谱 
TNBS trinitrobenzenesulfonic acid 三硝基苯磺酸 
ELISA enzyme linked immunosorbent assay 酶联免疫吸附 
AUC area under curve 药时曲线下面积 
PAGE polyacrylamide gelelectrophoresis 聚丙烯酰胺凝胶电泳 
PB phosphate buffer 磷酸盐缓冲液 
TEMED tetramethylethylenediamine N,N,N',N'-四甲基乙二胺 


























选的修饰条件为：反应体系 pH5.0、聚乙二醇/尿激酶质量比 2:1、反应温度 4℃、
尿激酶浓度 1 mg/mL、反应时间 12 h。 
2.随后选用了弱阳离子交换柱对定点修饰产物进行纯化，电泳凝胶灰度分析





饰前的 37.2%，SD 大鼠体内药动学实验显示 t1/2α 和药时曲线下面积修饰后分别
























Urokinase is the most common thrombolytic drug. Low molecular weight two 
chain urokinase (LMW tc-uPA) is a form of urokinase, and 30% of the human urine 
extractd urokinase. LMW tc-uPA has potential for treating high fibrinogen in blood, 
but because its short half-life, its clinical application is limited.  
This research used 20 kDa straight chain aldehyde butyl methoxy polyethylene 
glycol (mPEG-ButyrALD) for low molecular weight two chain urokinase in the 
N-terminal amino for chemical modification with improved pharmacokinetic 
properties, extended the half-life. Specific work is as follows： 
1.This research through SDS-polyacrylamide gel electrophoresis according to 
molecular weight preliminary analysis reaction product composition, the modified 
reaction conditions were optimized by grayscale analysis of electrophoretic gel 
imaging system, the preferred modification conditions are: reaction system pH5.0, 
polyethylene glycol/urokinase mass ratio 2:1, reaction temperature at 4℃, urokinase 
concentration 2 mg/mL, and reaction time 12 h. 
2. Then the weak cation exchange column was used to purify the modified product, 
electrophoretic gel scanning and RP-HPLC showed that the purity of the purified 
product was above 90%. The amino modification rate of the modified product was 
detected by TNBS. The results showed that the amino modification rate of the 
modified product was 5.7%. The CD results showed that the protein secondary 
structure of low molecular weight two chain urokinase did not change significantly 
before and after modification. 
3.The activity experiment in vitro showed that the activity of the modified protein 
was 37.2% of LMW tc-uPA, pharmacokinetics studies in SD rats showed that t1/2α 
and the area under the curve were 5 times and 2 times compared to pre-modification 
respectively, the pharmacokinetic properties of low molecular weight two chain 
urokinase were improved. 
 




















到 1947 年才被 Macfarlane 及 Pilling 所首次研究。Sobel 等研究者于 1952 年将尿












































尿激酶的基因位于 10 号染色体上，有 11 个外显子，6.3 kb 长。尿激酶的基
因支持了丝氨酸蛋白酶基因模块化演进的假说。高度的同源证明了尿激酶与组织
型纤溶酶原激活剂之间的紧密关系[4]。尽管有一些单个碱基的差异，来自不同人
源细胞系的 cDNA 和聚合 RNA 序列以及基因组的 DNA 序列都遵循从尿中分离





单链尿激酶型纤维蛋白溶酶原激活剂（single chain urokinase type 
plasminogen activator，sc-uPA）即尿激酶原，由一条有 411 个氨基酸的多肽链组
成。半胱氨酸残基形成了 12 个二硫键[6]。根据氨基酸序列计算得到的相对分子
质量为 46344 Da，糖基化形式的相对分子质量为 54 kDa。可以从中辨识出 3 个
典型的结构域。氨基末端的结构域包括 3 个二硫键，和表皮生长因子的结构类似，
被命名为类表皮生长因子结构域。其中包含一个位于 Thrl8 的岩藻糖连接位点以






















双链尿激酶型纤维蛋白溶酶原激活剂（two chain urokinase type plasminogen 
activator，tc-uPA)即双链尿激酶。高分子量双链尿激酶型纤维蛋白溶酶原激活剂
（high molecular weight two chain urokinase type plasminogen activator，HMW 
tc-uPA）即高分子量双链尿激酶由氨基末端包含有类表皮生长因子结构域及环状





molecular weight two chain urokinase type plasminogen activator，LMW tc-uPA）即
低分子量双链尿激酶，相对分子质量约为 33 kDa，它的 A 链只有 21 个氨基酸
（Lys136-Arg156）。从人肺癌细胞系中产生的低分子量双链尿激酶的氨基酸序列
从 Leu144 开始。 
高分子量双链尿激酶有时会被纤溶酶水解 Lys46-Ser47 间的肽键，会形成缺少
类表皮生长因子结构域的双链尿激酶，这种类型的双链尿激酶继续和纤溶酶接触






































判断其半衰期很短[14]。根据 Bachmann 等研究者的实验，注射尿激酶 5 min 后其




解活性会升高。尿激酶以 16±7 min 的 t1/2 非常快速地从血液中去除。Som 等研
究者通过实验发现尿激酶是以两相清除的方式在体内被去除，在尿激酶的快速去
除相后紧跟着一个缓慢去除相，在狗体内分别注射 99mTc 标记的尿激酶和 131I 标
记的尿激酶，前者的慢去除相半衰期为 3.0±0.8 h，后者为 4.8±0.9 h。在该实验中
从尿中检测出的放射性非常小，在胆汁中相对较多为 0.5-3.0%。此外，Som 等研
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